P eople who inject illegal drugs are known to be at heightened risk of HIV infection and other bloodborne diseases. In 2007, more than 20% of all new cases of HIV infection recorded in Canada were attributed to injection drug use. 1 Behaviours associated with the use of particular injection drugs (e.g., cocaine and heroin) have been identified as key factors driving HIV transmission among drug users in various settings. 2 However, over the last decade, significant changes in the popularity of specific illegal drugs have been observed. 3, 4 In recent years, cities across Canada have experienced an explosive increase in the use of crack cocaine, whereas some drugs, including heroin, appear to be less commonly used. [5] [6] [7] The proportion of drug users who smoke crack cocaine and are homeless or have marginal housing has recently been reported to be as high as 86.6% in Vancouver, 66.7% in Edmonton and 62.4% in Toronto. 8 In the United States, a seminal cross-sectional study involving inner-city young adults showed that smoking of crack cocaine was associated with HIV infection. 9 However, in Canada, despite the documentation of changing patterns of drug use in many communities, 8 little is known about the impact that increased smoking of crack cocaine has had on the HIV epidemic. This is problematic because public health programs for people who smoke crack cocaine have been highly controversial in Canada. 6 We conducted a longitudinal study to evaluate whether smoking of crack cocaine has emerged as a risk factor for HIV infection among people who inject drugs.
Background: Little is known about the possible role that smoking crack cocaine has on the incidence of HIV infection. Given the increasing use of crack cocaine, we sought to examine whether use of this illicit drug has become a risk factor for HIV infection.
Methods:
We included data from people participating in the Vancouver Injection Drug Users Study who reported injecting illicit drugs at least once in the month before enrolment, lived in the greater Vancouver area, were HIVnegative at enrolment and completed at least 1 follow-up study visit. To determine whether the risk of HIV seroconversion among daily smokers of crack cocaine changed over time, we used Cox proportional hazards regression and divided the study into 3 periods: May 1, 1996-Nov. Results: Overall, 1048 eligible injection drug users were included in our study. Of these, 137 acquired HIV infection during follow-up. The mean proportion of participants who reported daily smoking of crack cocaine increased from 11.6% in period 1 to 39.7% in period 3. After adjusting for potential confounders, we found that the risk of HIV seroconversion among participants who were daily smokers of crack cocaine increased over time (period 1: hazard ratio [HR] 1.03, 95% confidence interval [CI] 0.57-1.85; period 2: HR 1.68, 95% CI 1.01-2.80; and period 3: HR 2.74, 95% CI 1.06-7.11).
Interpretation: Smoking of crack cocaine was found to be an independent risk factor for HIV seroconversion among people who were injection drug users. This finding points to the urgent need for evidence-based public health initiatives targeted at people who smoke crack cocaine.
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Previously published at www.cmaj.ca least once in the previous month, live in the greater Vancouver area and provide written informed consent. Extensive outreach is undertaken in an effort to obtain a representative sample of people in the city who use injection drugs. 2 At baseline and semi-annually, participants are asked to com plete an interviewer-administered questionnaire and provide a blood sample for serologic testing. The questionnaire is designed to elicit demographic data and information about patterns of recent drug use, risk behaviours for HIV infection, health status, and contact with health care and addiction treatment services. At each study visit, participants are reimbursed $20 for their time. The study has received ethics approval from the Providence Health Care/University of British Columbia's Research Ethics Board.
For our analyses, we used data for participants who were HIV-negative at enrolment and who completed at least 1 follow-up study visit. Because prior studies have reported the rising use of crack cocaine in Canada, the primary focus of our study was on crack cocaine. This drug is almost always smoked rather than injected or snorted. 11 Therefore, we restricted all measures of use of crack cocaine to smoking. We did not include reports of injecting crack, which were captured through questions about cocaine injection.
Variables of interest
The primary outcome measure was time to HIV seroconversion. Because the median length of time between follow-up visits was about 6 months, as in previous analyses, 10, 12 we estimated the date of HIV seroconversion using the midpoint between the last negative and the first positive antibody test result. 13 We selected explanatory variables of interest based on all earlier analyses of risk factors for HIV seroconversion in our setting 14, 15 and internationally defined traditional risk factors for HIV infection among injection drug users (e.g., borrowing of syringes, and unsafe vaginal or anal sex). 16 Socio-demographic variables included age (per year older), sex (female v. male), Aboriginal ethnicity (yes v. no), and number of years since first injection at time of recruitment. Data on drug use and risk behaviours in the 6 months before each follow-up visit were updated after each semi-annual visit. These variables included daily smoking of crack cocaine (yes v. no), daily injection of cocaine (yes v. no), daily injection of heroin (yes v. no), engagement in sex work (yes v. no), engagement in any unprotected sex (yes v. no) and borrowing of syringes (yes v. no). All definitions of variables were identical to those used in earlier reports.
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Statistical analysis
To examine the change in patterns of crack cocaine use over time, we examined the annual proportion of participants who reported smoking crack cocaine daily over the study period. We used generalized estimating equations for logistic regression analysis to assess for statistically significant changes. The crude rate of daily smoking of crack cocaine was presented visually as the proportion of participants who reported this behaviour at least once during each calendar year. To test our primary hypothesis, we determined whether the hazard ratio for HIV seroconversion associated with daily smoking of crack cocaine changed over the study period. To do this, we used extended Cox proportional hazards regression analysis 17 with time-varying covariables. We also divided the study period into 3 periods to examine interactions between time and all variables of interest. We defined the 3 periods by initially visually inspecting the rate of daily smoking of crack cocaine in the cohort during follow-up ( Figure 1) and then dividing the 9. As a first step, we calculated the unadjusted hazard ratio for daily smoking of crack cocaine and all variables of interest. We explored any interactions with the defined study periods. In the final Cox regression model, we included all previously defined variables of interest to adjust for potential confounding. All p values were 2-sided.
Results
A total of 1603 people were recruited into the Vancouver Injection Drug Users Study between May 1, 1996, and Dec. 31, 2005. Of the 1280 (79.9%) who were HIV negative at enrolment, we excluded 232 (18.1%) because they did not return for any of the follow-up visits. These 232 participants were less likely to be Aboriginal and more likely to be younger than those included in our study (p < 0.05); otherwise, the 2 groups were similar in terms of sex distribution, daily cocaine injection and daily smoking of crack cocaine (p > 0.05). Of the 1048 participants included in our study, 373 (35.6%) were female, and 273 (26.0%) identified themselves as Aboriginal; the median age at baseline was 34 years (interquartile range 25-41). The baseline characteristics of the study participants stratified by sex are presented in Table 1 . This sample contributed 9601 observations during the entire follow-up period. The median number of follow-up visits was 11 (interquartile range 5-17).
Daily smoking of crack cocaine
We observed a large increase in the proportion of participants who reported daily smoking of crack cocaine (Figure 1) , from 11.6% in the first 3.5 years of follow-up (period 1), to 27.2% in the next 3 years (period 2) and to 39.7% in the last 3 years (period 3). The odds ratio for daily smoking of crack cocaine was 1.23 (95% confidence interval [CI] 1.21-1.26) per year.
HIV infection and daily smoking of crack cocaine
Of the 1048 participants, 137 (13.1%) became HIV positive during follow-up. The median length of time between the last negative and the first positive HIV antibody test result was 6.2 (interquartile range 5.7-8.3) months. The overall incidence of HIV infection was 2.7 (95% CI 2.2-3.1) per 100 person-years. We observed a significant interaction effect between the 3 specified periods and smoking of crack cocaine (p < 0.05). There were no significant interaction effects with any of the other variables of interest (p > 0.05). Subsequently, we focused on the interaction between smoking of crack cocaine and each of the 3 time periods. Table 2 includes the unadjusted and adjusted hazard ratios (HRs) for HIV seroconversion associated with smoking of crack cocaine in each period as well as the other variables of interest. We found no association between daily smoking of crack cocaine and HIV seroconversion in the first 3.5 years of follow-up (period 1: HR 1.28, 95% CI 0.75-2.19. There was an association in the subsequent 3 years of follow-up (period 2: HR 2.27, 95% CI 1.44-3.61), and an even stronger association in the final 3 years of follow-up (period 3: HR 4.01, 95% CI 1.79-8.96) (Figure 2) . The findings were similar after adjustment for known HIV risk factors (Table 2) .
Interpretation
In this prospective study involving participants in the Vancouver Injection Drug Users Study who were HIV negative at enrolment, we found that smoking of crack cocaine became increasingly prevalent over time. We also observed that such use of crack cocaine became an independent risk factor for HIV seroconversion over time after adjusting for potential confounders.
This finding suggests that there may be unmeasured risk factors related to the smoking of crack cocaine, or unmea- Note: CI = confidence interval, IQR = interquartile range. *Unless stated otherwise. †Activity or situation in the 6 months before enrolment. sured confounding factors related to HIV infection. With respect to unmeasured risk factors, crack cocaine is often smoked with the use of metal or glass pipes, which is known to produce wounds in and around the mouth. These wounds may make people who smoke crack more vulnerable to HIV transmission during activities such as oral sex or sharing of crack pipes. 6, 18 We were unable to evaluate these possible risk factors, however, because the Vancouver Injection Drug Users Study did not investigate the occurrence of oral wounds or the sharing of crack pipes. With respect to possible unmeasured confounders, smokers of crack cocaine may have more HIV-positive individuals in their social networks. Therefore, any sexual or injection risk behaviour would represent an increased likelihood of HIV infection. 19 Again, our study is limited by the inability to assess for this explanation. Finally, there may have been differential recall of HIV risk behaviour because of the psychological effects of crack cocaine. Individuals may have taken risks (e.g., unsafe sex) during binges of crack cocaine use that they did not recall when subsequently surveyed as part of the cohort study.
Although highly controversial, innovative public health programs that address the unique needs of people who smoke crack cocaine and that contribute to HIV prevention efforts may include the distribution of safer crack kits 6 and the provision of supervised inhalation rooms. 20 In previous studies, drug users have reported a strong willingness to use the equipment provided in safer crack kits. 5, 21 Early evaluations have found this strategy to be associated with reductions in sharing smoking equipment. 5, 21 Although the provision of an inhalation room may be even more controversial, this strategy has been successfully implemented in several European settings. 22 Feasibility studies in Vancouver showed a strong willingness among local smokers of crack cocaine to use such a facility. 20, 23 Inhalation rooms and the distribution of safer crack kits also afford the opportunity for health workers to engage with people who smoke crack. Such encounters may be critical for initiating efforts to address some of the needs for health care, social assistance and referral for addiction treatment of this often hidden population.
Limitations
Our study has several limitations. First, the Vancouver Injection Drug Users Study is not a random sample. However, the cohort is believed to be representative of injection drug users in the community. 24 Second, this study relied on self-report, which may be vulnerable to socially desirable reporting. However, previous studies have shown social desirability to have limited confounding effect on the strength of association between HIV status and risk behaviours. 25 
Conclusion
Smoking of crack cocaine was found to be an independent risk factor for HIV seroconversion among people who were injection drug users. This finding points to the urgent need for evidence-based public health initiatives targeted at people who smoke crack cocaine. Innovative interventions that have the potential to reduce HIV transmission in this population, including the distribution of safer crack kits and medically supervised inhalation rooms, need to be evaluated.
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